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ABSTRACT

A FORTRAN IV Program for CDC 6400 is presented together with sample

output illustrating the use of sequential linear discriminant analysis.



INTRODUCTION

In the standard text by Krumbein and Graybill (1965, p. 359 et seq.)
the mathematical basis of linear discriminant functions is described..
Numerous programs are available for this type of analysis. However, it
has been found useful in many situations to examine the effectiveness of
all, or many, combinations of measured variables for the samples to be
seggrcgated. Thus, in addition to discrimination on the basis of each
individual measured variable used onits own, discrimination on the basis
of each subset of two, three, four, or more, measured variables can also
be calculated. Not infrequently, two variables that are poor discfi‘mina.tors
when used individaully prove to be excellent discrimina.tozjs when used
together. Such resﬁlts emphasize the value of scanning the output from a
sequential regression program before the operator decides which subset of
variables best serve his particular purposes.

This program has been used extensively in remote-sensing and petro-
logical analyses at Northwestern University (e.g., Beckman and Whitten, 1966).
However, in this repbrt , the data set involving the physicochemical conditions
and sedimentary textures in a lagoonmal environment used by Krumbein and
Graybill (1965, p. 363) is utilized; this has been done so ‘that the reader
can compare the results obtained with the present program with the worked

example given by Krumbein and Graybill.

THE PROGRAM
Instructions for setting up the program are contained in the comment

cards at the beginning of the FORTRAN listing. The data, deck used- for the



sample output is listed at the end of the FORTRAN listing. As written,
every possible subset can be processed; alternatively, selected subsets can
be called (as in the case illustrated). Selected sample output from the

data deck illustrated is appended after the FORTRAN listing.
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Krumbein, W. C., and Graybill, F. A., 1965, An introduction to statistical

models in geology: McGraw-Hill Book Co., New York, 475 pp.
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PROGRAM DISCRMﬁ(INPUTs3U?PUT@?APESEEN9U?9Tﬁ?EéEQUTPU?S

SEQUENTIAL LINEAR DISCRIMINANY AMALYSIS ~ TWO GROUPS JULY. 1970

HISTCRY COF PRCGRAM = BMDO4M MODIFIED FOR KRUMBEIN BY BENSON TO

IBM 709 FEBRUARY 196% AND TS COC 3400 IN MARCH 196%

BISE
Disc
DISC
D18
DISC

RECRGANIZATICN oF S MATRICES BY LINK: FALL 1965 AND MODIFIED INTZ FORDISC
S#BETA HAT = G (SFE KRUMBEIN AND GRAYBILLs PP 389 FF) BY WEG TAYLOR 0DISC

JULYs 1967 REWRITTEN IN FORTRAN IV WITH MODIFIEGATION INCLUDING
LOG10 TRANSFORM BY GARRETT IN AUGUST 1967. MINGR CHANGES BY WHITTEN
IN JULY 1968 ANp EXTENDED TS SEQUENTIAL ANALYSIS BY MEG BROWN FOR

WHITTEN IN OCTOBER 1968.

PRCGRAM CCMPUTES FCR UP TC 200 CASES IN EACH GRCUP WITH UP T8 25

VAR?ABLES MEASURED CN EACH CASE.

THE CASE IDENTIFICATION (CONTL) READ FRCM THE DATA CARDS MAY BE

Up TC SIX ALPHANUMERIC CHARACTERS LCNGe

DECK SET UP 1IN FO&LvNXNG MANNER=
TABLE CF CONSTANTS
PRCBLEM CARD
¢ VITLE CARDS
DATA FCRMAT CARD
DaTA CF GRCUP 1
DATA CF GRCyUP 2
SELECTICN CARD{S)
FINISH CARD (WCRD FINISH IN COLUMNS 1=6)

CONSECUTIVE PRCBLEMS MAY BE PRUCESSED BY PLACING ANY NUMBER oOF
PRCBLEM DECKSs CONSISTING OF THE PROBLEM CARD THROUGH THE SELECT

CaRp(S) (IF NEEDED)s» BEFCRE THE FINISH CARDe

PRCBLEM CARD SET UP AS FOLLOWSe

1=6 PROBLEM NAME

7-8 PRCBLEM NUMBER

9=1% NUMBER OF VARIABLES (2=25) ‘ ,
11=12 LTG0 TRANSFORM OPTIONs PUNCH 1 FOR TRANSFORM
13«14 MATRIX PRINT OPTIONs PUNCH 1 FOR MATRICES
15=17  NUMBER COF SAMPLES IN GROUP 1

18=20  NUMBER OF SAMPLES IN GRCOUP 2
21«23  NUMBER COF SELECTICN CARDS USED

SELECTION CARDS SET UP AS FOLLOWS=
1=6 PUNCH SELECT
7=8 NUMBER CF VARIABLES IN THAT SUBSEY
9«19  INDEX OF FIRST VARIABLE
11=12  INDEX OF SECCND VARIABLE AND SC O

DIMENSION €O N?L(2920359TETLQ§2§9$€25§sGiD(&)s?MT€13)9IRANK§29?O33
DIMENSICN Z(29203) sMMM(25) 5100 (25) s LX(25) oL Y {25) 5LL (25} 40D (25)

Al
PRCB

K
IFL
MAT
N(l)
N{2}
NUM

DIMENSICON X {2925,200) sSUM{2:25:25) o TOTAL (24253 +D (25)+C (25}

DIMENSICN N(2>vDIV(2)e%(@Ss@%%eZa&Rﬁza@VAﬁZizaemsﬁzﬁ
DIMENSICN TABLE(400)eX?ABLE§%0039PQ“(2)922(29?5?
INTEGER Al5AP9a3+GIDsFINISHoSELECT

0isc
DISC
Disc
Disc
DISC
Dise
Disc
DIsc
DISC
DIscC
pisc
Disc
bIsc
pisc
pisc
DiIsC
pisc
DIsc
DISc
DISC
DISC
DISc
DISE
Disc
pIsc
Disc
DISC
DISsc
DIsc
DISC

Dise

D1SC
DISC
D1sc
Disc
bisc
DIsc
DIsc
DIsC
Disc
DISC
Disc
DisC
Disc
DISC
Disc

DATA (GIDSZHA)g?HB)@ZHC?@2H9)39(FKMESH%&H?ENISW?9<SELECT§6H5ELEC?}UE$C

DATA (ZBARI®4HD (1)), (ZBAR2ERHD (2) ), (DZERDBEHD (D))

" READ (551000) (TABLE (1}2131,400)

Bisc
D1s¢c

DIsc

@mwmm&wsww



1000

10

1l

12

i3

FORMAT (10F4e4)

READ PROBLEM TITLE AND FORMAT CARDS
READ (55101) A1l sPROBsKoIFLsMAToNI1)sN(2) s RUM
IF{Al.EQeFINISHIGO TO &2
IF(KelLEe1lsOReKoGTe25)GO0 TO 2

READ (55102) TITL

READ (55102) FuT

WRITE (65102} TITL

WRITE (651033

WRITE (65104) PROBsK

GO T0 5

WRITE (6:105}

GO 10 1

READ IN DATA

DO 7 I=142

WRITE (65106) 1

NN=N(I

DO 7 J=1leNN

READ (5-,FMT) CONTLIIsJ)sdX{Iobkod)sl=1sK)
WRITE (65107) JsCONTL(IoJ)slX{TslsJ)sb=19K)
IF{IFL_NE«1)GO TO 7

DO 6 L=1eK

X(TlslLoJ)=ALOGLlO(X(LoblosJ)}}

CONTINUE '

COMPUTE MEANS OF GROUPS ETCe AND MATRIX S {(SUM)

NSEL=0

DO 10 M=1,2

DIVIMI=N(M)

DO 9 I=19K

LLiIl=1

TOTALI{MsI1)=0s0

DO 9 L=1sK

SUM{MsIsL)=0,60

NN=N({M)

DO 8 J=1sNN

SUM(MsloL)= SUM(MsI9L)+X(M§19J)*X(M9L9J)
SUMIMeL s )=SUM(MsIoL)

DO 10 1I=1sK

NN=N(M)

DO 10 J=1,MNN
TOTAL(Ms I )=TOTAL{MsI)+X(MeloJ)
DO 11 I=1,2

DO 11 J=1sK
Z{1:J)=TOTAL(I+J)/DIVI(])

DO 12 J=1sK

D(J)I=Z(1sJ)=2(25J)

DD(JI=D (W)

S{J)=Z11aJ)+2{25d)

WRITE {6:108)

WRITE (65109

DO 13 I=1sK $ ZZU(1lel)=2(1el} & ZZ(2:1}=2(25s1)
WRITE (65110) 19Z(1s1)sZ2¢2s1)sD(I)sS(1)
IF(MATSNE.1)GO TO 201

DO 14 M=1s2

WRITE (6s111) GID(H)@M

DO 14 1I=1:K

DISC
DISC
DISC
DISC
DISC
DIsSC
DISC
DISC

BISC

D1sC
DISC
DISC

DIsC

DISC
DIscC
DISC
DIscC
DisC
P15C
DISC
D1sC
D15C
DISC
DISC
pISC
D15C
DISC

FOR GROUPS 1 AND 2DISC

DISC
DISC
D1SC
DIsC

DISC

DISC
DISC
DISC
DISC
DISC
DISC
DISC
DISC
DISC
DISC
DISC
DISC
DISC
DISC
DISC
DISC
PISC
D1SC
DISC
DISC
DISC
DISC

DISC

P15C
BiscC
DiIsSC

58
59
60
61
62
63
64
65
66
67
68

69
70
71
72
73
T4
75
76
77
78

VE~NOWME LN



14
201
15

16

202

17

18

203

19

20

21

22
204

23

24

WRITE (65112) {SUM{MsIsL)sizlekK)

COMPUTE MATRIX S$* FOR GROUPS ONE AND TwO

DO 15 M=1,2 |

DO 15 I=1sK

PO 15 L=1sK
SUM(MsTsL)=SUM(MsIsL)~TOTALIMsIJ¥TOTAL(MsL)/DIV(M)
IF(MAT.NE.1)GO TO 202

DO 16 M=1s2 |

WRITE (65113) GID(M+2),M

DO 16 I=1sK

WRITE (65112) (SUM{MsIsL)si=1sK)

COMPUTE SUMS OF 5% FOR GROUPS ONE AND TWO
DO 17 I=1,K '

DO 17 L=1sK

B{IsL)=SUMI1lslsl}+SUMI2510L)
SUM{I1sTsL)=BlIsL)

IF(MATNEL1)GO TO 203

WRITE (65114)

DO 18 1=1sK

WRITE (69112) (SUM{lslsil)eL=lsK)

COMPUTE MATRIX B (KRUMBEIN AND GRAYBILL PAGE 360)
DIVTOT=DIV(1)+DIV(2)=240

FB=10/DIVTOT

DO 19 I=1,K

DO 19 L=1,K

B(IsL)=SUM(1sIsL)*FB

IF(MATeNE.1)GO TO 21

WRITE (6s115)

DO 20 I=1,K

WRITE (65112) (B(IsL)sL=1sK)

CALL INVERT (BsKsLXsLY)
IF(MAToNE.1)GO TO 204

WRITE (65116)

DO 22 I=1sK '
WRITE (69112) (B(IsJ)sJ=1sK)

COMPUTE DISCRIMINANT COEFFICIENTS
DO 23 1I=15K

C(1)=0.0

DO 23 L=1.K

Cthy=C(I}+B(I-.L)#D(L)

WRITE (65117)

WRITE (69112) (C{1)sI=1,K)

COMPUTE MAHMALANOBIS DSQUARE
DS@=0,0

DO 24 1=1sK

DO 24 J=1.K
DSQ=DSQ+D{(I%#D ()1 ®EB(Is )
WRITE (6+118) DSQ@

COMPUTE Q FOR F TEST OF KRUMBEIN AND GRAYBILL PAGES 361 AND 362

IDF=N(1}+N(2)=K~-1

"DK=1DF

FK=K

DISC
DISC
DISC
DISC
DISC
DISC
DISC
DISC
DISC
pISC
DISC
DISC
Disc
DISC
DISC
DISC
DISC
DISC

DISC
DISC

DISC
PIsC
D1SC
DIsSC
DIsC

DIsC

DISC
DISC
DISC
DIsSC
DISC
D15C
DISC
bIsC
DISC
DISC
DISC
DISC
DIsSC
DISC
DISC
DISC
D1sC
DISC
DISC
DIscC
bIsC
D1sC
D15C
PISC
D1SC
D15C
DiIscC
b1sC
DIsSC
DisSC
D1SC
DiscC
DiIsC

117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175



25

26

27

43

28

29
30

31

VAL = (DIV{1l) % DIV(2) # DK) / {(FK # (DIV{1l) + DIV(2)}) * DIVIOT)

VAL=YAL®#DSQ
WRITE (65119) KoIDFsVAL

COMPUTE INDIVIDUAL CASE DISCRIMINANT VALUES
DO 25 M=1.2

NR=MNIM)

DO 25 J=1:KN

ZiMsJ3=0.0

DO 25 I=1:K

LI=L it :
Z(MeJ)=Z (M JISCIIIRX (Mol IsdJ)

COMPUTE MEANSs VARIANCES AND $TDs DEVIATIONS OF DISCRIMINANTS
WRITE (65120) '

DO 27 M=1,2

KN=N{M)}

SUMZ=0, 0

SUMZSO = DSUBZ = 0690

ZBAR(M)=0.0

DIVN=N(HM)

VARZ{M)=0.0

DO 26 I=1sNN

SUMZ=SUMZ+Z{Ms 1}

SUMZSQ=5UMZISQ+Z Mo 1) %%2
ZBAR(M)=SUMZ/DIVN

VARZ (M) ={SUMZSQ-SUMZ##2/DIVN}/{DIVN-1.0)
STDVZ=SQRTF {VARZ (#M))

WRITE (69121) MoMNNZBAR (M) :VARZ(M) »STDVZ

COMPUTE D(O)

DO 43 I = 1K

LI = L1y

DSUBZ = DSUBZ + (ZZ{1lsLI}) + ZZ12e.L1)) *¥ C(I} % Qe5
WRITE (65122) DSUBLZ '

COMPUTE PROBABILITY OF ERROR
M=1
PRO({M)=ABS{ZBAR(M)-DSUBZ)
PRO(M)=PRO{M)/SART(VARZ (M)}
XTABLE(400)=3.99

DO 29 I=1-400

XTABLE(I)=(1-11/100.0
IFIPRO({M)«LEXTABLE(400)3G0 TO 28
PRO(M)=0,0

GO TO 30
IF(PRO(M)oGToXTABLE(I)}IGO TO 29
PRO(M)=0e5-TABLE(])

GO 70 30

CONTINUE

CONTINUE

WRITE (6,123) PRO(M)

RANK DISCRIMIMANT VALUES OF CASES
WRITE (65124)

WRITE (65125)

DO 31 1=1.2

DO 31 J=15203

IRANK{IsJ)=0

DISC
DIsC
DISC
DISC
pisc
DISC
DISC
DISC
DISC
DISC
DISC

bIsC

B1sC
DISC
DIsC
B1SC
DISC
DIscC
DiIsSC
D1&C
DIsC
DIsC
D1sC

DISC

DISC
DIsC
DISC
DISC
D1sC
DisC
DiIsC

DIsC
DIsC

- DISC

DISC
DISC
DIsC
DIsSC
DIsSC
DISC
DISC
DISC
DISC
DIsC
DISsC
DISC
DIsC
DIsSC
DISC
DISC
DiIsC
DISC
DISC
DISC

RISC,

PiIsC

177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
20

204
205
206
207

209
210
211
212
213
214
215
216
217
218
219
22(¢
221
222
2243
224
225
226
227
228
229
23¢
231
232
233



32
33

34

35

36
37

38

39

40
41

42

191
102
103
104
105
106
107

MN=N{1)

NE(1)=2

Z(1oMN+1)=ZBAR(1)
Z(1:MN+2)=DSUBZ
CONTL(1oNN+1)=2BAR]
CONTL{1sMNN+23=DZERD

NN=N(2}

RE(2)=1

Z{2»RN+1)=LBAR( 2}
CORTL(2-MN+11=ZBAR2 T
NTOTAL=N(13+N(2)+3

DO 37 I=1sNTOTAL
HOLD=={10.0%#%#35,}

DO 3& M=1,2

MN=NIM) +NE (M)

DO 34 J=1sNN

IF(Z(MsJ)~HOLD 34534932
IF{IRANK(M9J))33533,34

MM=M

JJ=J

HOLD=Z{MsJ)

CONTINUE

IRANK (MM JJ) =999
IF(MM=~1)35535+36

WRITE (68126) I+HOLD»CONTL(MMsJJ)
GO TO 37

WRITE (6+127) IsHOLD>CONTL(MMsJJ)
CONTINUE

CARRY OUT SELECT OPTION
IFI{NUM-EQs0)GO TO 1
NSEL=NSEL+1

WRITE (65128) NSEL

READ (5:5134) AloKethLL{IdeiI=1s25)
IF(A1.EQ.SELECT)GO TO 39
WRITE (65130} NSEL

NUM=NUM-1

GO TO 38

WRITE (6,131)

WRITE (6+132) {LLII)oI=1K)
DO 41 1=1:K

LLI=LL(I}

DO 40 L=1,K

LLEL = LbL(L) :
BlIsL)=SUM{lsLLISLLLLY/DIVTOT
D(I3}=DD{LLI} '
NUM=§UM=1

GO TO 21

WRITE (69133)
sToP

FORMAT (A65A2:3129313)
FORMAT (13A6)

FORMAT (23HO COMPUTED BY DISCRIM 1)

FORMAT (15H0 PROBLEM NO, sA2/21H

NUMBER OF VARIABLES»I4)

"FORMAT (37HOERROR ON PROBLEM CARD OR DECK SET-UP)

FORMAT
FORMAT

(//10X19HINPUT DATA OF GROUPs12//)
(1H s1496XsA65TF16e5/(17Xs7F1665))

7

DISC
DISC

BISC

BISC
DISC
DISC
DISC
pisc
p1SC

DISC

pDI1sC
DiscC
Disc
DIsC
b1scC
DiISC
DISC
DIsSC
DISC
DIscC
DISC
DISC
DiscC
DISC
DISC
Di1SC
D1SC
DIsC
DISC
DISC
DISC
DISC
DISC
DISC
DISC
DISC
DISC
DISC
DisC
DISC
DISC
DISC
DIsC
DIsC
D1S&C
DISC
DIsC
DIsC
DISC
DISC
DISC
DISC
D1sC
DIsC
DISC
DISC
DISC
DiscC
DIscC

234
235
236
237
238
239
240
241
262
24

244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
27

274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292



108 FORMAT (49H1 VARIABLE MEANS BY GROUP AND DIFFERENCE IN MEANS/) DISC
109 FORMAT (58H VARIABLE MEAN 1 MEANZ2 DIFFEREDISC
1NCE s 10X s 3HSUM/ ) DISC
110 FORMAT {1H +15:2%s4F164.5) - DISC
111 FORMAT (1HD.A3,48HMATRIX OF UMCORRECTED SUMS OF SQUARES AND CROSS=DISC
1 15HPRODUCTSs GROUPs12/) DISC
112 FORMAT (1H »7F16+5) _ , DISC
113 FORMAT {1HO-A3,46HMATRIX OF CORRECTED SUMS OF SQUARES AND CROSS~ DISC
1 15HPRODUCTSs GROUPs 12} DISC
114 FORMAT (41HOE) MATRIX OF SUMS OF ELEMENTS IN C AND D} DISC
115 FORMAT (21HO COVARIANCE MATRIX B)
116 FORMAT (32HO INVERSE OF COVARIANCE MATRIX C}
117 FORMAT (36H1 DISCRIMINANT FUNCTION COEFFICIENTS/)
118 FORMAT (23H0 MAHALANOBIS DSQUARE =,F16+5)
119 FORMAT (4HO F(s12s1Hss13s3H) =29F16465)
120 FORMAT (78HO POP NO. SAMPLE SIZE MEAN Z VARIANC
1€ 2 STDe DEVe Z)
121 FORMAT (1H 516s114sF17,5:2F20s5)
122 FORMAT (9HO Di(O) = s F11le5) _
123 FORMAT (26HO PROBABILITY OF ERROR = (¢ Fb6o4s24H) FOR GROUPS ONE AN
1D TWO/7/7)
124 FORMAT (68H 'FIRST GROUP SECOND GROUP FIRST GROUP DISC
1 SECOND GROUP) . DISC
125 FORMAT (66H RANK VALUES VALUES CASE NOo. DISC
1 CASE NOe/) DISC
126 FORMAT (1H 9149F17e5525X5A6) pDIsC
127 FORMAT (1H 514:17XsF17+5519X3A6) DISC
1128 FORMAT (1H1//15H SELECTION NQes14) DISC
129 FORMAT (A652612) _ DISC
130 FORMAT (40HO ERROR ON SELECTIGN CARD OR DECK SET-UPs14) DISC
131 FORMAT (28H VARIABLES USED IN FUNCTION) DISC
132 FORMAT (1H 51015) ' DISC
133 FORMAT (1H1) DISC
134 FORMAT (A6912+2512) DISC
END DISC
SUBROUTINE INVERT (AsNsLoM) INVT
PROGRAM FOR FINDING THE INVERSE OF A NXN MATRIX INVT
DIMENSION A(25425)5L(25)sM(25) INVT
SEARCH FOR LARGEST ELEMENT INVT
DE=160 INVT
D080 K=1lsN INVT
LiKy=K INVT
MIK)=K INVT
BIGA=A (KK} INVT
D020 I=KsN INVT
D020 J=KsN INVT
"1IF(ABSF(BIGA}-ABSF(A(IsJ))) 1620520 INVT
10 BIGA=A(I:J) INVT
L{K)=1 INVT
MIK)=J INVT
20 CONTINUE INVT
INTERCHANGE ROWS INVT
J=L(K) INVT
IF(LIK)=K) 35535525 INVT
25 D030 I=1sN INVT
HOLD=-A(Ks1) INVT
AlKsIisA(Js ) INVT
30 A(JsI)=HOLD INVT
INTERCHANGE COLUMNS INVT

293
29%
295
296
297
298
299
300
301
302
303

304

305
306
307
308
309
310
311
312

314
315
316
317
318
319
320
321
322
323
324
325
326

W
N
~
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35
37

40
45
&%

50
55

56
57

~
o

65

68
70
75

80

100
103
135
110
120

125

130

150

0000004000800120016001990239027903290359
. 039804380478051705570596063606750714075¢4
0793083208710910094809871026106411031141
1179121712551293133113681406144314801517
-1554159116281664170017361772180818441879
1915195019852019205420882123215721902224
2258229123242357238924222454248625182549
2580261226422673270427342764279428232852

1=M(K)
IFIMIK)=K) 45545437
D040 J=1lsN
HOLD=—A{JsK}
AlJeKi=AlJel)
AlJdsI¥=HOLD -
DIVIDE COLUMN BY MINUS PIVOT
DO55 I=1sN
IF{I-K150955550
ALTIsK)I=ALTI K}/ {~AIKsK)}
CORTINUE
REDUCE MATRIX
DO65 I=1sN
pO&sS J=1:N
IFLI=-K) 57+65:57
IF{J-K} 60565+60 ‘
AllsJ)=A(lsKIRA(KsJIFA(T sJ)
COMTINUE
DIVIDE ROW BY PIVOT
DO75 . 13N
IF{J-K)Y70:s75570
AlKsJ)=AlKsJ)/ALKK)
CONTINUE
CONTINUED PRODUCT OF PIVOTS
DE=DE®A(KsK)
REPLACE PIVOT BY RECIPROCAL
AlKsK)I=1leO/A(KoK) '
CONTINUE .
FINAL ROW AND COLUMN INTERCHANGE
K=N
K=(K~-1)
iF(K) 150+1505,103
1=L(K)
IF(I-K) 12001205105
DO110 J=1¢eN
HOLD=A{JsK)
AldesK)==A(Js 1)}
A(JsI)=HOLD
J=MIK)
IF{J-K) 100,100:125
DO130 I=1sN
HOLD=A(Ks 1}
AlKsI)==A(Js 1)
AlJs1)=HOLD
GO TO 100
RETURN
END

9

INVT
INVT

INVT
IRVT
INVT
INVT
INVT
INVT
INVT
INVT
INVT
INVT
INVT
INVT
INVT
INVT
INVT
INVT
INVT
INVT
INVT
INVT
INVT
INVY
INVT
INVT
INVT
INVT
INVT
INVT
INVT
INVT
INVT
INVT
INVT
INVT
INVT
INVT
INVT
INVT
INVT
INVT

- INVT

INVT
INVT
INVT
INVT

24
25

25
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
G4
45
&6
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70



2881291V29392967299630233051307831063133
3159318632123238326432893315334033653389
346133438346613485350835313554357735993621
3643366536863708372937493770379038103830
3849386938883907392539443962398039974015
4032406940664082409941154131414741624177
4192420742226236425142654279429243064319
£33243456357437063824639406406441854429444]
46524465344 7464484646895450545154652565354545
4556456445736582459145994608461646254633
46461466946564664467146784686469346994706
§7313471947264732473847444T750475667616767
6772477847834 788479347984803480848124817
482148264830483464838484248466485048544857
4867486448684871487548784881488448874890
4893489648984901490449064909491149134916
49184692049224925492749294931493249344936
49384950400674943494549464948494949514952
49534955495649574959496046961496249634964
496546966496 74968496949704971497249734974
49744697569764977497749784979497949804981
49814982498246983498449844985498549864986
4987498749874988498849894989498949904990
4990499149914991499246992499246992499346993
4993499349944994499469964469944995469954995
4995499549954996499649964996499649964997
4997499749974997499769974997499749974998
4998499849984998499849984998499849984998
4998499849994999499949994999499949994999
4999699949994999499949994999499949994999
4999499949994999499949994999499949994999
5000500050005000500050005000500050005000 , _
DISCRIO104 015015005 = ecmceccmacoa- BEGENNING OF DATA DECK
1 WCK PROJECT NO. 01 0303

0 LINK'S CARBONATE DATAs K AND G UISCRIMINANTs PAGES 359 FF
0 X1 = EH BELOW INTERFACEs X2 = PH BELOW INTERFACEs X3 = PHI MEAN DIAM.
0 X& = PHI STANDARD DEVIATION
(6X3A4sFho0s3Fbe2)

010303 UQ1-26176560.821.30

010303 U02 1104.442.310,94%

010303 U033 834,302+510.56

010303 U004 —454¢282.140.79

010303 U05-2146.562:410.10

010303 U06 07080413157

010303 U07-1585,532.381.01

010303 U08~-1075:861¢931,13

016303 U09-2647¢221.901620

010303 Ul0 43662910911.21

010303 Ull 1045.650s781le41

010303 Ul2 7456861052113

010303 Ul3 348.360.881+23

010303 Ul4-2004:8610.931.55

010303 U15-1585.191:721.67

010303 VOl 487692168108

010303 V02 =767.972.170.97

010303 V03-3835,422,121.51

010303 V04-2254,891,371.78

010303 V05-1934.601:701.60

010303 V06=2244.342.01164

10



010303
010303
010303
010303
010303
010303
010303
010303
010203
SELECT
SELECT
SELECT
SELECT
SELECT
FINISH

VOT-21444743014279
V08-2354,803:162.84
V09-17060922.852.86
Vi0-2136.103.52272
V11-1575.8620902422
V12 =795:4226312691
V13 -368.981.221.33
V14=-2146.8624592443
V15-1745,545.303,20
23 b g
2

3 4
4

NV N W
Y



QUIPUT

WCK PROJECT NC. 01 0303

LINK#S CARBONATE DATAs K AND G DISCRIMINANT, PAGES 359 FF

X1 = FH BELOW INTERFACE:s X2 = PH BELOW 1NTERFACE9'X3>= PHI MEAN DIAM.
X4 = PHI STANDARD DEVIATICN
COMPUTED BY DISCRIM 1

PRCBLEM NC. 01
NUMBER OF VARIABLES 4

INPUT DATA CF GROUP 1
1 uol ~261,00000 756000 +82000 1,30000
2 uo2 110.00000 4464000 2.31000 « 94000
3 Uo3 83.00000 4+ 30000 2.51000 +56000
4 uos =45 . 00000 4228000 2:14000 » 79000
5 uos =214+00000 6456000 2.41000 « 10000
6 uoe 0,00000 7.08000 » 13000 1.,57000
7 Uo7 =158. 00000 5,53000 2038000 1.01000
8 uos =107.00000 5,86000 1,93000 1.13000
9 uo9 =264.00000 7222000 1,90000 1.,20000
10 Ulo 4300000 6029000 191000 1.21000
i1 uii 104.00000 5:65000 078000 141000
12 Uiz 74000000 586000 1052000 1,13000
13 Ui3 34+00000 B+36000 »88000 1.23000
14 Ui4 =200.00000 4+86000 1.93000 1.55000
15 U1s =158,00000 5.1%000 172000 167000
INPUT DATA CF GRoUp 2
1 Vol 48,00000 792000 1,68000 1,08000
2 vo2 =76 ,00000 7,.97000 2,17000 .97000
3 Vo3 ~-383,00000 5,42000 2. »12000 1,51000
4 Vo4 =225, 00000 4,89000 1 3100@ 1,78000
5 VoS =193,00000 4}60000 1,70000 1 60000
6 V06 «226 ,00000 4.,34000 2,01000 1 64000
7 voT =214 ,00000 4. 76000 3. . 14000 %g?@ooo
8 Vo8 =235 , 00000 %,80000 3, » 16000 2,84000
9 Vo9 -170,00000 6,92000 2. . 85000 2,.86000
10 Vig «=213,00000 6,10000 EN .52000 2,72000
11 Vil =157,00000 %,86000 2,90000 2,2200@
12 viz =79,00000 5, 242000 2,31000 2.91000
13 V13 =36 ,00000 8,93000 1.22000 1,33000
is Vie =214 ,00000 6;86000 2,59000 2,43000
1% Vis =174 ,00000 $,54000 5,30000 3.20000



P

VARIABLE MEANS BY GRQUP

VARIABLE

BN e

MEAN 1

=63,93333
5.93600
1,68667
1.12000

AND DIFFERENCE INi MEANS

MEANZ

=169,66667
6,02067
2.53600
2:12533

DIFFERENCE

105,73333
=2 08467
=, 85133

=1,00533

SUM
’233;60000
11,95667

4,22067
3,24533



DISCRIMINANT FUNCTION COEFFICIENTS

00537 -e51317 .61105 -
MAHALANOBIS DSQUARE = 3.66695
F{ &5 25) = 6010539
PCP NCo,  SAMPLE SIZE MEAN 2 VARIANCE 2
1 15 ©T222140 1091562
2 15 =10.86835 5,37829
D(O) =  =9,04487

PRCBABILITY OF ERRCR = { .,(5934) FCR GROUPS CNE AND TWS

FIRST GRoUP SECOND GRCOUP

RANK VALUES VALUES CASE NG,
1 4 ,69603 uo3
2 »5,45157 vo2
3 ~B.72242 uos
4 =6,23820 uos
5 =6,34588 vil
6 6,36625 uir2
7 ”7@19184 Ulo
8 =7e22140 ) DY)
9 =T 53563

10 =7,.58855 uos
11 =7 ,64125 uoe
12 =7 ,66772 uoT-
13 «7,72308 u13
14 -8,25119
15 »8,43921
16 »8,62564 Uie
17 w8,764145 U1s
18 =8,76174
19 =B ,84940
20 =9,00859
21 »9,03487 vo1
22 9 ,06487 D0y
23 =9 ,28620 vo9e
24 =0,91153
28 »i0.86835
26 =11.17720
27 »11.89868
28 »12.33245
29 «12.4681642
30 =12.76230
31 =13.23101
32 =13,36186
33 »15.02301

1

2.50228

FIRST GRCUP SECOND GRCUP

CASE NCo

Vo2
vVos

Vo6
V13
V04

Vo3
D(2)
vil
V12
Vs
vQ7
Vo8
V1o
Voo
v1s

STD, DEV, 7

1.38406
2.31911



SELECTION NG, 1
VARIABLES USED IN FUNCTION

Yy 2 3 —

DISCRIMINANT FUNCTION COEFFICIENTS
| 200648 = e 44233 »1,18794

MAHALANCBIS DSQUARE = 173370
F{ 3, 26) = 4,02667
PCP NCo  SAMPLE SIZE MEAN Z VARIANCE Z

1 15 =5,043109 170933

2 15 6o TTH80 1.75808

DIO) =  =5,90795

PROBABILITY OF ERROR. = { ,2514) FOR GROUPS ONE AND TWC

FIRST GROUP SECCND GROUP

RANK VALUES VALUES CASE NC.
1 o2, 75206 u11
2 =3,28612 uoe
3 =»2.91836 Uiz
4 =3,99553 uo2
5 45364609 uo3
6 ~4,52301 u13
7 =4, 72686 uds
8 -4,77267 ulo
° =5.,04109 D)

io ~5,18805
11 =5.24797
i2 *5:30443
13 536244 uis
14 557790 uos
15 -5 063248
16 =5,65331
17 =5,73800 Ule
18 *5, 75849
19 =5,9H795 D(0)
20 ,”6960882 UOI
el »6:29687 Uo7
- 22 =6+ 59550
23 =6ha TT4HBO
24 . =7 .086409
25 =7,15086 uos
26 «7416084 | oo
27 =7+.21308
28 =7.39685
29 =T+39936
30 =7.49739
3 T wT,54T77
32 »0.25953
33 *0.87373

15

FIRST GRCUP SECOND GRCUP
CASE NCo

vO1
V04

vos

V13
viz

Vo8

Vo2
D(2)
vié

Vo7
VO3
V08
Vi
V09
V1o
V15

STD. DEV. 7

1.30741
1.32593



RS W - o o
DISCRIMINANT FUNCTICN COEFFICIENTS

SELECTION NC. 2
VARIABLES USED IN FUNCTION

00750 ~e15279
MAHALANOBIS DSQUARE = 80627
F( 25 27) = 2,915573
POP NC.  SAMPLE SIZE  MEAN Z VARTANCE Z
1 15 =1,38665 120480
2 15 »2,19292 240773
DIO) =  =1,78979

PROBABILITY OF ERRQR = ( +1857) FOR GROUPS ONE AND TWC

FIRST GROUP SECOND GROUP

RANK

VALUES VALUES CASE NC.
i » 14697 uoz
2 =,03423 uo3
'3 =, 0B293 Uil
4 =.34011 Uiz
5 ”963840 UIG
& =, 846903
7 9099158 Uce
8 =1:02220 uls
-9 =1.0817¢4 voe
10 =1:38665 Dty
ig2 : : =1063451
13 =1.69818 uos
14 =1.78796
i% »1.7897% Do)
le =1,97847 uls
17 =2.03042 Uo7
i8 207333
i¢ »2.15093
20 =2215200
el ) »2:192%92
22 w2.26318 Ule
23 »2+3298%
24 =20.33283
25 »Pe34381
26 =2:43534
27 =2:49662
28 ) =2.53018
29 =2,60797 uos
30 »2.65380
31 =3:08396 ) ug?o
32 =3,11340 ) ol
33 =3.70182

16

FIRST GROUP SECCND GRCUP
CASE NCo

71}

vie
Vi3

Vo2

vii
VOS5
V15
D(2)
Vo7
V09
Voé
VQ4
Vo8
V10
Via

VO3

STDe DEV, 2

1,09764
+63854



SELECTION N8, 3 |
VARIABLES USED IN FUNCTION

N S o
DISCRIMINANT FUNCTION CCEFFICIENTS

17

« 00725
MAHALANCBIS DSQUARE = « 76618
F( 1y 28) = 5,74637
POP NO, SAMPLE SIZE MEAN Z VARTANCE Z STD. DEV, 2
1 15 =:46328 299014 99506
4 i% “A%229@7 954222 9?363ﬁ
D{0) = =,84638
PRCBABILITY OF ERRCR = ( .3483) FCR GRCUPS ONE AND TWC
FIRST GRCUP SECCND GRCUP FIRST GROUP SECZND GRCUP
RANK VALUES VALUES CASE NC. CASE NCo
1 2 719710 uo2
2 » 75362 U1l
3 «60145 uo3
4 .53623 viz ,
5 «34783 V01
6 031159 ulo
7 26638 U13
8 0.00000 uoe
9 . =026087 V13
i0 232609 Uos
11 ®,46328 oy
12 =,55072 v0z
i3 “9572Q6 Vl?
14 =, 77536 vos
15 ~+84638 D(o) )
i6 =1.13768 vii
17 ©]e164493 Uo7
i8 »]1214693 uis B
19 =1e22947 D(2).
20 =1.23188 Vo9
21 =126087 Vis
ez *1:39855 VoS
23 =1064927 Ulse .
26 =1+54348 V19
25 =1,55072 | Uos _
26 =155072 Yo7
27 =1.55072 Vie
28 =1,62319 V06
29 =1:63043 V04
30 =1.70290 vos
31 =1,89130 uol
32 =1,91304 uge
33 =2 77536 ' v03



SELECTICN NC. 4
VARIABLES USED IN FUNCTICN

1 3 4
 DISCRIMINANT FUNCTION COEFFICIENTS
« 004690 = 30R48 “2943188

MAHALANSBIS DSQUARE = 3.25702

F{ 3, 26) = 7.56094

POP NG, SAMPLE SIZE MEAN Z VARIANCE Z
1 15 «3,61897 1.26981
2 15 =6.87599 §,24423

DIOY = w5,24T48

PRCBABILITY OF ERRSR = ( .0735) FCR GRCUPS ONE AND TWC

"FIRST GR2UP SECOND GRZUP

RANK VALUES VALUES CASE NC.
1 =],82233 uo3
2 212432 uos
4 =2.,88099 U4
5 »2.91058 uie
6 “2:97165
7 =3,12864 Uil
8 =3,18886 ull
9 =3.39175 Uio.

10 ~3:48098
11 »3.61897 D(1)
iz =3.83227
13 =3,86296 uoe
is =3.93906 uos
is =4, 0R258 uo7
16 who 12354 uol
17 =4,86817 uoe
is =5¢264748 D(O)
iog =5,41611 ulg
20 ‘ =5:42395
21 =56 42960 ' uis
e2 =5.78021
23 *5:90447
24 =he28111
28 “6087599
26 ~7216990
27 =7 .85277
28 -R,26189

. €9 =8,77272
30 =R, 8744]

3 =8.91826
32 «9,14966
33 «=10,46558

18

FIRST GROUP SECIND GROUP

CASE NCo

Vo1

voz
V13

V0§

Vo6
vO&
Vo3

D2y
Vit
vie
vi2
Vo9
V1o
Vo7
Vo8
V15

STDe. DEV, 7

1,12686
229003



SELECTION NOs S
VARIABLES USED IN FUNCTION

1 4
DISCRIMINANT FUNCTION COEFFICIENTS
. 00520 -2.61490
MAHALANCBIS DSQUARE = 3.17822
F( 2s 27) = 11.49268
PCP NC. SAMPLE SIZE MEAN Z VARIANCE 2
1 15 =3.26A88 168975
2 18 ~6.43910 4.66670
D(O) = wl 84999

PREBABILITY OF ERROR = ( ,1093) FOR GRCUPS ONE AND TWS

FIRST GRCUP SECCND GRCUP

RANK VALUES VALUES CASE NC.
1 =1,03309 Uo3
2 =1.37340 uos
3 . =1,88647 vo2
4 =2+29959 Uos
5 «2.57035 ula
6 =2:57469
7 =2:.93134
8 ~2¢94061 ulo
9 =3.03967 uis

10 ~3.14665 Uil
11 =3.26088 DL
12 =3,66199 uoTy
13 =3.51079 uos
14 , =3,66487
15 =4,10540 ' upé
16 =~4,50958 up®
17 =lo 15549 uoil
18 =4,84999 D(O)
19 =5,00227 uls
2o =5.18664
2l »5,18783 uls
22 =5.45231
23 =5,82359
2% =5.9385]
25 *6.43910
26 ”6962083
27 =T 46612
28 =8,01984
29 ~B,21925
30 ”3936191
31 =R.40749

- 32 =B.64734

< 33 =0.,27176

ie

FIRST GRCUP SECOND GRCUP
CASF NCoe

Vo1
Y

V13

Y05

V06
VOs
Vo3

D(2)
vil
Via
Viz
V1o
V09
Vo7
vos
Vis

STD. DEV, Z

1.2999¢
2016025
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Report # ~ Title MSC Dats Bank # STAR #
12 Two programs for the NR-09-DL-019-00067
factor analysis of geo-
logic data

13 The geology of the lower NR-09-CN-126-00068
Precanbrain rocks of the
Champion-Republic area
of Upper Michigan (NASA
Test Site 126)

14 The geochemistry of the NR-09-DL-019-00073 N68-10180*%CSCL 08D
Fremont ILake quartz mon-
zonites and associated
gruss, NASA Sonora Pass
Geologic Test Site,
Sierra Nevada, California

15' Semi-annual status report

16 Variance of some selected NR-09-DK-998-00181 N69-30686%#CFSTICLOSG
attributes in granitic (NASA-CR-101Th47)
rocks

17 TFORTRAN IV CDC 6400 pro- NR-08-00-000-00080
gram to analyze subsur-
face fold geometry

18 Semi-annual status report

9-30-68

19 NASA Geological Test Site (NASA-CR-97790) N69-12097*#CFSTICSCLOSG
#126 Marquette-Republic
Trough, Michigan: Report
on photographic imagery
obtained on Mission 72,
May, 1968

20 Relict diagenetic tex-~
tures and structures in
regional metamorphic
rocks, Northern Michigan
(NASA Geological Test
Site #126)

21 A FORTRAN IV program
for two-dimensionsl
autocorrelation analysis
of geologic and remotely-
sensed data



